Based on the canonical vine (C-vine) copula approach, this paper examines the interdependence between the exchange rates of the Chinese Yuan (CNY) and the currencies of major Association of Southeast Asian Nations (ASEAN) countries. The differences in the dependence structure and degree between currencies before and after the Belt and Road (B&R) Initiative were compared in order to investigate the changing role of the Renminbi (RMB) in the ASEAN foreign exchange markets.
Introduction
Since the Belt and Road (B&R) Initiative was proposed by China's President Xi Jinping in 2013, China has expanded its "circle of friends" in the B&R region with fruitful achievements in economic cooperation. These deepening ties have intensified the interdependence of financial markets between China and B&R countries, and the currency market is no exception. Furthermore, with the sustained growth of China's share in international trade and the B&R Initiative furthering Chinese investment overseas, the process of the internationalization of the Chinese Yuan Renminbi (CNY or RMB) has been speeding up in recent years. In October 2016, the inclusion of the RMB in the Special Drawing Rights (SDR) basket consolidated the internationalization of RMB. The rising role of RMB in the global currency markets is drawing more and more attention.
The Association of Southeast Asian Nations (ASEAN) is the priority and primary partner for China in promoting the B&R Initiative. According to the statistics of the trade volume between China and its 59 trading partners along the Belt and Road (source: Wind Economic Database), during the period from January 1995 to June 2018, six of the top ten largest trade partners of China in the Belt and Road area were ASEAN countries. These six countries were Vietnam, Malaysia, Thailand, Singapore, Indonesia, and the Philippines. Given the increasing opportunities and the importance of cooperation GARCH-type model. However, these methods have limitations. As has been clearly stated, these methods cannot handle non-normal or heavy-tailed data [21, 22] .
To address this drawback, copula-GARCH models were applied to capture the dependence structure between financial assets [23] [24] [25] . Copula functions are joint distribution functions which are used for modeling the dependence structure between the marginal distributions of random variables [26] . The copula-GARCH models combine the use of GARCH models and copula functions to allow flexibility in the choice of marginal distributions and dependence structures. However, the standard bivariate and multivariate copulas were found to be inflexible in high-dimensional dependence modelling because they do not allow different dependence structures between different pairs of variables [27] .
Vine copula models are flexible graphical models enabling extensions to higher dimensions using a cascade of bivariate copulas. They were found to be superior to the standard multivariate copulas, such as multivariate normal and multivariate-t copulas [28] . The vine approach is more flexible because we can select bivariate copulas from a wide range of (parametric) families. Moreover, vine copulas can also be used to measure non-conditional and conditional dependence structures, tail dependence, rank correlation, etc. Therefore, vine-copula GARCH models have gained increased attention for modeling high-dimensional dependence structures. There have been some further theoretical developments of vine copulas, in particular, Canonical vine (C-vine) copulas and drawable vine (D-vine) copulas. Compared with bivariate copula-GARCH models, vine copula-GARCH models have been widely used to study the interdependence of multivariate financial assets [29] [30] [31] .
Based on prior researches, we use C-vine copula model to investigate the interdependence between CNY and the currencies of ASEAN countries, and compare the differences in the dependence structure and degree between currencies before and after the B&R Initiative. Compared with existing studies, the contributions of this paper are threefold. First, this paper compensates for the lack of academic studies on foreign exchange market interdependence between China and the ASEAN countries. Second, a C-vine copula approach is applied, which can not only be used to examine the interdependence between CNY and the currencies of ASEAN countries but can also be further applied to investigate the currency linkages between ASEAN countries conditional on CNY; thus, the role of RMB in ASEAN foreign exchange markets is in evidence from a systematic perspective. Third, differences in the dependence structure and degree between currencies over different timescales before and after the B&R Initiative are investigated, which helps to show the influence of the B&R Initiative on co-movements in the foreign exchange markets of China and the ASEAN.
Data and Methodology
This section presents the descriptive statistics of the data and provides the basic theories of C-vine, static, and time-varying copulas, Kendall's tau correlation and its relationship with copulas, the sequential selection principle based on Kendall's tau, and the specification of marginal models.
Data
In this paper, we used the data of World Market Reuters (WM/R) exchange rates sourced from Thomson Financial DataStream. The observation period ranged from 3 August 2009 to 25 July 2018, and was roughly divided into the Pre-B&R period and the Post-B&R period to capture the differences between before and after the B&R Initiative. In consideration of the fact that the B&R Initiative was considered as a national strategy as President Xi Jinping urged the strategic planning of the Initiative at the annual Central Economic Work Conference of China in December 2013, we roughly defined the period from August 2009 to December 2013 to be the Pre-B&R period. The period from January 2014 to July 2018 was then defined as the Post-B&R period.
Weekly frequency data were applied for our study because they avoid any problems arising from time zone differences between China and the ASEAN countries. Meanwhile, they avoid problems related to drift and noise that would be present in daily or high-frequency data [30] . The weekly returns Sustainability 2019, 11 , 5487 4 of 20 of exchange rates were calculated as the log-difference of the exchange rates, which were multiplied by 100 to be expressed as a percentage. The returns of exchange rates were calculated from the prices of one Chinese Yuan (CNY), Vietnamese Dong (VND), Malaysian Ringgit (MYR), Thai Baht (THB), Singapore Dollar (SGD), Indonesian Rupiah (IDR), and Philippine Peso (PHP) expressed in U.S. Dollars (USD), which are represented as USD/CNY, USD/VND, USD/MYR, USD/THB, USD/SGD, USD/IDR, and USD/PHP, respectively, so that positive values of return imply appreciation of the currency and vice versa.
The descriptive statistics of the currency return series are summarized in Table 1 . All of the average exchange rate returns were close to zero. The volatility (SD) of the USD/MYR exchange rate was the greatest in both periods. All currency returns exhibited kurtosis and skewness, while most were not normally distributed based on the results of the Jarque-Bera test. The non-normality of the data should not be ignored, as we may draw invalid statistical inferences for skewed data if we still assume the data to be symmetrically or approximately normally distributed. Ignoring the non-normality of data could also lead to poor robustness of the estimation results [32] . Note: Significance at the 0.01, 0.05, and 0.10 levels indicated by ***, **, *.
Methodology
In this paper, we applied the method of C-vine copulas to investigate the interdependence between CNY and the currencies of ASEAN countries. We used the inference function for margins (IFM) to estimate the C-vine copula model. The IFM method involves two stages: the first stage is using marginal models to get the marginal distributions of each return series; the second stage is to plug the marginal distributions into copula models to estimate the parameters of the C-vine copulas. Joe [33] proved that the estimator under the IFM method generally has good efficiency and is close to the maximum likelihood estimator under some regularity conditions. In this subsection, we present the basic theories of C-vine copulas and other related techniques.
Canonical Vine (C-Vine) Copulas
A copula is a mathematical function used to join univariate distribution functions to form joint (multivariate) distribution functions. To build a multivariate model, we can first model the marginals and then model their dependence structure via a copula. Sklar's theorem gave the first definition of a copula: a copula is a "joint probability measure" which describes the dependence structure between the variables. Any multivariate joint distribution can be written in terms of univariate marginal distribution functions and a copula. Let X = (X 1 , X 2 , . . . , X n ) be a random vector with marginal distribution F 1 (x 1 ), F 2 (x 2 ), . . . , F n (x n ); then there exists a function called a copula such that:
(1)
The copula function in (1) can also be expressed as:
Given that F i is absolutely continuous and strictly increasing, the probability density function of X can be factorized as:
Bedford and Cooke [34] proposed the vine copula approach, which is also called a pair-copula construction (PCC) as systematically introduced by Aas et al. [35] . Taking a three-dimensional system as an example, a vine representation of Equation (3) is:
where c 12 is an appropriate pair-copula density for the pair of transformed variables F 1 (x 1 ) and F 2 (x 2 ), and c 13 is analogous. The pair-copula c 23|1 is applied to the conditional cumulative distribution functions (cdfs) F 2|1 (x 2 x 1 ) of x 2 given x 1 and F 3|1 (x 3 x 1 ) of x 3 given x 1 , where the two arguments are defined by:
We can then write the log-likelihood function of Equation (4) as follows:
where θ m = ((θ m 1 ) , (θ m 2 ) , (θ m 3 ) ) denotes a parameter vector estimated from the marginal models, and θ c = ((θ c 12 ) , (θ c 13 ) , (θ c 23|1 ) ) is a parameter vector estimated from three bivariate copulas [30] . The bivariate pair-copulas c 12 , c 13 , and c 23|1 can be chosen independently of each other by using model selection criteria such as the Akaike Information Criterion (AIC) and the Bayesian Information Criterion (BIC). The dependence structures of a three-dimensional vine can thus be modeled using PCCs; the structure of a higher-dimensional vine is constructed in the same way.
Suppose there are d univariate variables. Vine copulas arrange d(d − 1)/2 pair-copulas in d − 1 linked trees for a d-dimensional pair-copula construction. A C-vine is a special case of the vine copula. In the first tree of a C-vine, the dependence is modeled using bivariate copulas for each pair of variables with respect to one unique variable, which is the first root node of the C-vine tree. Conditioned on this variable, in the second tree, pairwise dependencies with respect to a second variable (which is the second root node) are modeled. Brechmann and Czado [36] stated that C-vine copulas are appropriate to apply only if there is a pivotal variable among the variables under consideration; otherwise, the tree structure of a C-vine may be too restrictive. An example of a four-dimensional C-vine structure is shown in Figure 1 . [36] stated that C-vine copulas are appropriate to apply only if there is a pivotal variable among the variables under consideration; otherwise, the tree structure of a C-vine may be too restrictive. An example of a four-dimensional C-vine structure is shown in Figure 1 . 
Nonlinear Correlation and Tail Dependence
Kendall's tau is a rank correlation measure that can be described as the probability of concordance minus the probability of discordance of two pairs of random variables [37] . The empirical Kendall's tau coefficient  is defined as:
are two independent and identically distributed pairs of random variables. Kendall's tau can be expressed in terms of a copula function as follows:
where C is the copula function, and u and v are the values of marginal distribution functions.
The upper (lower) tail dependence gives the probability that two variables jointly take extreme positive (negative) values [25] . The upper tail dependence U  and lower tail dependence L  are expressed as:
where F and G are the marginal cumulative distribution functions of X and Y . The copula exhibits an upper tail dependence coefficient when
and exhibits a lower tail
Specification of Copulas
The bivariate copulas employed in this study include Gaussian, Frank, Clayton and Rotated Clayton 90 degrees, survival BB8 (Joe-Frank), and Joe copulas. Different copulas capture dependence in different ways. The Gaussian copulas belong to the elliptical copulas. The Frank, (rotated) Clayton, Joe, and (survival) BB8 copulas belong to a more general family of copulas called the Archimedean copulas. Archimedean copulas admit an explicit formula and are widely used in applications due to their simple forms and favorable properties. The Gaussian, Frank, Clayton, and Joe copulas all have only one parameter, while the BB8 copulas have two parameters. 
Nonlinear Correlation and Tail Dependence
Kendall's tau is a rank correlation measure that can be described as the probability of concordance minus the probability of discordance of two pairs of random variables [37] . The empirical Kendall's tau coefficient τ is defined as:
where (X, Y) and (X , Y ) are two independent and identically distributed pairs of random variables. Kendall's tau can be expressed in terms of a copula function as follows:
where C is the copula function, and u and v are the values of marginal distribution functions. The upper (lower) tail dependence gives the probability that two variables jointly take extreme positive (negative) values [25] . The upper tail dependence λ U and lower tail dependence λ L are expressed as:
where F and G are the marginal cumulative distribution functions of X and Y. The copula exhibits an upper tail dependence coefficient when λ U ∈ (0, 1] and exhibits a lower tail dependence coefficient when λ L ∈ (0, 1].
Specification of Copulas
The bivariate copulas employed in this study include Gaussian, Frank, Clayton and Rotated Clayton 90 degrees, survival BB8 (Joe-Frank), and Joe copulas. Different copulas capture dependence in different ways. The Gaussian copulas belong to the elliptical copulas. The Frank, (rotated) Clayton, Joe, and (survival) BB8 copulas belong to a more general family of copulas called the Archimedean copulas. Archimedean copulas admit an explicit formula and are widely used in applications due to their simple forms and favorable properties. The Gaussian, Frank, Clayton, and Joe copulas all have only one parameter, while the BB8 copulas have two parameters.
The copulas in this study have different tail dependence structures: the Gaussian copula and Frank copula have no tail dependence. The Joe copula has only upper tail dependence, while the Clayton copula is asymmetric with lower tail dependence. The Clayton copula cannot display negative dependencies. In real-world problems, the correlations between financial series are not always Sustainability 2019, 11, 5487 7 of 20 positive; it is also possible to notice negative dependencies between financial variables. Copula rotation allows us to transform copulas such that they can be used to model negative dependence; see details in Sriboonchitta et al. [22] for the rotated versions of different copulas and their densities. The rotated Clayton copula (90 degrees) can model negative dependence-it has no upper and lower tail dependence. The BB8 copula is also called the Joe-Frank copula; the BB8 copula and survival BB8 copula (rotated 180 degrees) have zero tail dependence if the second parameter δ of the copula is nonzero. Detailed expressions of the functions of copulas, functions to compute Kendall's tau correlations from copulas, and functions of the lower and upper tail dependence can be found in Brechmann et al. [36] and Sriboonchitta et al. [22] .
The nature of a copula can either be static or time-variant. The dynamic characteristics of dependence across markets can help policy-makers understand co-movement between markets more clearly. In this study, time-varying copulas were adopted to follow the autoregressive moving average (ARMA) (1,1) process.
The time-varying correlation for a Gaussian or Frank copula has the following form:
where
is the logistic transformation used to restrict the time-varying correlation coefficients θ t to be in the range (−1,1). The autoregressive term ϕ 1 θ t−1 captures the persistence effect,
The form of a time-varying Clayton or Joe copula is expressed as:
where Λ = (1 + e −x ) −1 guarantees that the parameter θ t will lie in the range (0,1). The BB8 copula consists of two dependence parameters, and both parameters are assumed to be time-variant:
where H is an appropriate logistic transformation function.
Specification of Marginal Models
In this paper, the marginal distribution of each exchange rate series was characterized by an ARMA(p,q)-Glosten-Jagannathan-Runkle(GJR)-GARCH(1,1) model with a disturbance term following the skewed normal distribution (snorm), skewed Student t distribution (sstd), or skewed generalized error distribution (sged). Assumptions of normality are usually violated in real-world problems, as data possess skewness; an extra skewness (or shape) parameter can be used to fit various types of skewed data [38, 39] . The values of skewness and kurtosis in Table 1 show that our data were skewed and leptokurtic. Moreover, the Jarque-Bera test statistic was large and significant for most series; therefore, the assumption of skewed distributions was more appropriate in our study. Conditional mean models were selected among four lag orders (ARMA(0,0), ARMA(1,0), ARMA(0,1), ARMA(1,1)). The best-fitting marginal models were selected according to the BIC. The form of the ARMA(p,q)-GJR-GARCH(1,1) model can be expressed as:
Sustainability 2019, 11, 5487 (15) is the so-called mean equation, where r t is the return series of the exchange rate and φ 1i and φ 2i are the coefficients of the AR and MA terms. Equation (16) shows that the residual ε t is the product of the standard variance σ t and standardized residuals η t . Equation (17) is the variance equation, where parameters α and β are the coefficients of the ARCH term and GARCH term, the leverage effect is measured by γ, and variable I is a dummy variable which is only activated if the previous shock ε t−1 is negative. The leverage effect indicates that losses have a greater impact on future volatility than gains. If a leverage effect exists, the estimated parameter γ needs to be positive [39, 40] .
Sequential Selection Based on Kendall's Tau Correlations
After getting the marginals of each variable, the next step is to decide the order of the variables in the C-vine tree. In this paper, the USD/CNY exchange rate was selected to be the first node of the first C-vine tree. In this way, the dependence between CNY and each currency of the ASEAN countries could be investigated using bivariate copulas, since we wanted to explore the role and power of CNY in the regional currency markets.
The order of the other six variables in the C-vine tree was decided by maximizing the sum of the absolute empirical Kendall's tau values of one variable with all the other variables. For instance, for the VND exchange rates, the sum of the absolute empirical Kendall's tau τ VND of variable pairs VND and CNY, VND and MYR, VND and THB, VND and SGD, VND and IDR, and VND and PHP had to be calculated. Similarly, the sum of the absolute empirical Kendall's tau values of other variables could be determined. After that, we reordered the remaining variables and repeated the process of calculating the sum of the Kendall's tau values, thus determining the order of all variables. By this rule, the order of variables in the C-vine tree was determined, with 1, 2, 3, 4, 5, 6, and 7, in proper turn, representing the exchange rate return series of CNY, MYR, SGD, IDR, THB, PHP, and VND; this indicates that MYR was the second root node of the C-vine tree, and the pair-copulas in the second tree modeled the dependence of SGD, IDR, THB, PHP, and VND on MYR given CNY. The best-fitting bivariate copulas in every C-vine tree were selected from a set of copulas according to the BIC.
Empirical Results
In this section, we present the empirical results of the marginal models, static C-vine copulas, and time-varying C-vine copulas. We further verify whether or not the results from the time-varying C-vine copulas are consistent with conclusions from the static C-vine copulas.
Marginal Estimations
The estimation results from the marginal models are shown in Table 2 . From the results of the mean equation, the exchange rate returns of the last week were found to have a significant positive influence on the returns of the current week for all the marginal models which contain AR (φ 1 ) terms. From the coefficients of the MA (φ 2 ) terms, the volatility of residuals from the last week was found to have significant negative effects on the currency returns in the current period.
The results of the variance equation showed that long-run volatility persistence (measured by the β coefficient) was statistically significant for all variables, which means that the volatility of exchange rate returns in the current period was positively affected by the volatility of the last period; this provides evidence for the phenomenon of "volatility clustering" in the returns of the seven currencies. The coefficients of the GARCH term β were much bigger than those of the ARCH term α, indicating that the effects of the volatility shocks fade away slowly. All of the return series except that for the Malaysian Ringgit in the Pre-B&R period were specified by either a skewed Student t distribution or a skewed generalized error distribution, while the return series of MYR in the Pre-B&R period was best captured by a skewed normal distribution according to the BIC. The coefficients of the GJR term (γ) were significantly positive for variables VND and IDR in the Post-B&R period, suggesting that leverage effects were present in the exchange rate returns of the Vietnamese Dong and Indonesian Rupiah. The leverage effects showed asymmetric volatility of the exchange rate returns. A fall in the returns of these two exchange rates will have a greater impact on volatility than an increase in the returns. Thus, if the exchange rates go down, the returns of the exchange rates will tend to be more unstable and lead to higher risks in the foreign exchange markets. The skewness and shape parameters were estimated to be statistically significant in all return series, which further indicated that the distributions of these return series were not symmetric. The skewed distributions we used in the estimation of the marginal models were more proper than normal distributions to account for the skewness and kurtosis in our data.
Estimation Results of the Static C-Vine Copulas
The estimation results of the static C-vine copulas for before and after the B&R Initiative are reported in Table 3 . The results present the selected copula families (Copulas) according to the BIC, the estimates of copula parameters (Par), the implied estimates of Kendall's tau (Tau), and tail dependence (Tail dep) in the first and second trees. Note that the parameter ranges of the bivariate copula families are different, so the dependence degree cannot be compared directly from the copula parameters. However, since Kendall's tau correlation has a direct relation to the copula function from Equation (8), we can extract Kendall's tau from a copula and compare the degree of dependence between exchange rates through the values of Kendall's tau.
The Interdependence between CNY and the Currencies of Major ASEAN Countries
The first C-vine tree reflects the degree and structure of dependence between the returns of CNY and the currencies of six ASEAN countries-MYR, SGD, IDR, THB, PHP, and VND.
Most of the copula parameters were estimated to be positive and significant in both periods, which implies positive interdependence between CNY and the currencies of the ASEAN countries. In terms of dependence degree, the estimated values of Kendall's tau in the first C-vine tree were almost positive over both periods, except for that for the CNY-VND pair in the Pre-B&R period. This implies that the returns of CNY are positively correlated with the returns of the ASEAN currencies and provides evidence of co-movements between the exchange rates of CNY and the currencies of major ASEAN countries. In 2009, the cross-border yuan trade settlement pilot scheme was launched in Shanghai, China, which is identified as the starting point of RMB internationalization. The China-ASEAN Free Trade Area (CAFTA) was realized soon afterward in 2010, which stimulated China's exports to ASEAN countries [41] . This resulted in an increasingly significant role of RMB in regional trade and contributed to the co-movement phenomenon between the currency markets of China and the ASEAN. It is noteworthy that compared with the Pre-B&R period, the values of Kendall's tau in the first C-vine tree all increased obviously in the Post-B&R period, which indicates that the degree of dependence between CNY and the currencies of ASEAN countries increased obviously after the B&R Initiative began. The B&R Initiative further opened up huge opportunities for gainful co-operation in trade and investment between China and the ASEAN, and it promoted the adoption of the RMB as the reserve and settlement currency by B&R countries. The noticeably increased degree of positive dependence between the exchange rates of CNY and ASEAN currencies in the Post-B&R period is reasonable.
In both periods, the dependence degree of CNY and SGD was the highest among all six currency pairs, followed by CNY and THB and by CNY and MYR. This result is to some extent consistent with the finding by Bloomberg News [42] , which announced that the Singapore Dollar had the strongest link to the Yuan among the 12 currencies they examined; about 41 percent of fluctuations in the Singapore dollar from 2017 to 2018 could be explained by changes in the offshore Yuan. Trade is a crucial factor for Singapore's economic growth. Singapore became China's largest investor country in 2013, and it became China's third-largest trading partner and largest overseas direct investment destination in the ASEAN in 2014. In 2014, China announced direct trading between CNY and SGD, and with Singapore as the main trade finance hub for the Asia-Pacific region, Singapore emerged as another dominant offshore RMB hub alongside Hong Kong. It is therefore no wonder that the dependence between CNY and SGD was the highest. However, the values of the Kendall's tau coefficients were not big, which indicates limited correlations between CNY and the ASEAN currencies, so the power of CNY's influence on ASEAN foreign exchange markets is still limited. Note: Due to length limitations, we only report the estimate results of the first and second trees of the C-vine copulas; Significance at the 0.01, 0.05, and 0.10 levels indicated by ***, **, and *; Standard errors in parentheses;
The symbol "[U]" represents upper tail dependence, "[L]" represents lower tail dependence.
As for the dependence structure, in the Pre-B&R period, the fitting pair-copula families were Gaussian, Frank, and Clayton Rotated 90 degrees. Gaussian and Frank copulas both featured symmetry without tail dependence; this implies that the dependence structures of CNY and MYR, CNY and SGD, CNY and IDR, and CNY and THB are symmetric, and there is thus no evidence for asymmetric co-movements between large losses (gains) of CNY and these four currencies. Furthermore, no conclusion was supported for the CNY-PHP and CNY-VND pairs, since the copula parameters for these two pairs were not significant. However, changes happened in the Post-B&R period: the fitting pair-copula family of CNY-IDR and CNY-PHP changed to be Clayton with only lower tail dependence, which indicates that the potential for CNY and IDR to jointly depreciate against USD is higher than the potential for co-movements when they jointly appreciate, with the same conclusion being made for CNY and PHP. Systematic risk caused by the asymmetry property in the currency markets of China and the ASEAN deserves attention. Following the B&R Initiative, China increased investment overseas and provided loans to foreign governments to fund infrastructure projects; the tightening economic and financial ties between China and B&R countries increase the possibility of contagion when extreme situations occur.
Interdependence between the Currencies of Major ASEAN Countries Conditional on CNY
Next, we explored the dependence between the currencies of ASEAN countries conditional on the returns of CNY, which corresponds to the second tree of the C-vine copulas.
Given the returns of CNY, the values of Kendall's tau in the second tree reflect the conditional dependence between MYR and the other five ASEAN currencies. The values of Kendall's tau in the second tree were comparatively larger than those in the first tree, which implies that the return of MYR is more relevant to the currencies of ASEAN countries than CNY and plays an important role in the stability of ASEAN foreign exchange markets. In the Pre-B&R period, the degree of dependence between MYR and SGD was the highest, followed by those between MYR and PHP and between MYR and THB. In the Post-B&R period, the dependence degree between MYR and SGD was still the highest, whereas the degree of dependence between MYR and IDR jumped to the second-highest, and the correlation of the MYR-PHP pair decreased obviously. Furthermore, it was observed that in the second tree, the values of Kendall's tau in the Post-B&R period were lower than those in the Pre-B&R period. Since the Kendall's tau coefficients in the second tree reflect the conditional dependence between currencies of ASEAN countries given the returns of CNY, the lower values of Kendall's tau in the Post-B&R period give further signals of the increasing power of CNY in the regional foreign exchange markets after the B&R Initiative was launched.
With regard to the dependence structure, in the Pre-B&R period, the pair-copula families in the second tree included Frank, Gaussian, Survival BB8, and Joe. The Joe copula had upper tail dependence, which suggests that the correlations of MYR and VND tend to be higher when the two currencies appreciate. However, the copula family of the same exchange rate pair, MYR and VND, changed to be Clayton with lower tail dependence in the Post-B&R period. Asymmetric dependence of MYR and VND appeared in both periods; this may be another source of systematic risk in the regional foreign exchange markets.
Brief Summary
The main findings from the static C-vine analysis are summarized below. First, the currency returns of the ASEAN countries were positively correlated with the returns of CNY in both periods, except for VND in the Pre-B&R period, and the correlations were intensified after the B&R Initiative.
Second, the returns of MYR were highly correlated with the other five ASEAN currencies given the returns of CNY, providing evidence for the possibility of exchange rate co-movements in the foreign exchange markets of China and the ASEAN, also indicating the limited influence of CNY on ASEAN currencies.
Third, the correlations between ASEAN currencies conditional on CNY decreased in the Post-B&R period compared with in the former period, which implies the increasing power of CNY in ASEAN currency markets.
Fourth, the dependence structure of the exchange rate pairs CNY and IDR, CNY and PHP, and MYR and VND was shown to exhibit lower tail dependence in the Post-B&R period, which implies asymmetric properties of exchange rate co-movements and a higher degree of dependence during currency depreciation.
Estimation Results of the Time-Varying C-Vine Copulas
In this subsection, the dependence parameters in the C-vine copulas were allowed to change over time. The results from these time-varying C-vine copulas reflect the dynamic characteristics of exchange rate co-movements in the regional currency markets, and help to confirm the robustness of the main findings from the static C-vine copulas.
Time-Varying Dependence between CNY and the Currencies of Major ASEAN Countries
The first tree of the time-varying C-vine copulas indicated the dynamic dependence characteristics between CNY and the currencies of ASEAN countries.
The estimated time-varying coefficients for the first tree of the time-varying C-vine copulas are presented in Table 4 . The explanatory factor of the historical correlations is reflected by the coefficients ϕ 1 . In the Pre-B&R period, the coefficients ϕ 1 were significant for four exchange rate pairs: CNY-MYR, CNY-IDR, CNY-THB, and CNY-VND. This implies that the correlations of the current period were significantly affected by the correlations of the previous period. In the Post-B&R period, coefficients ϕ 1 were proved to be significant for exchange rate pairs CNY-MYR, CNY-IDR, CNY-THB, and CNY-PHP. In both periods, all parameters ϕ 2 were not significant, so no significant variation in the dependence parameter was captured for any exchange rate pair in the first tree. Note: Significance at the 0.01, 0.05, and 0.10 levels indicated by ***, **, and *; Standard errors in parentheses.
The values of the estimated coefficients of the time-varying C-vine copulas could not reveal the dynamic dependence characteristics intuitively, so we further computed the dynamic Kendall's tau correlations. The time-varying Kendall's tau correlations of the exchange rate pairs in the first tree of the C-vine copulas are summarized in Table 5 . The time-varying results also indicated positive dependence between CNY and the currencies of ASEAN countries from the mean and median values. Compared with the Pre-B&R period, the correlations were intensified obviously in the Post-B&R period, which confirms the conclusions in the Static analysis. Further, Figure 2 shows plots of the time-varying Kendall's tau correlations from the first tree of the time-varying C-vine copulas before the B&R Initiative, with the constant Kendall's tau from the static copulas as a reference, while Figure 3 presents the dynamic Kendall's tau correlations after the B&R Initiative.
correlations of five exchange rate pairs-CNY and MYR, CNY and SGD, CNY and IDR, CNY and THB, and CNY and PHP-were almost positive, and fluctuated around their constant correlations as shown in Figure 2 . It is noticeable that the dependence between CNY and MYR showed an obvious variation trend. It decreased slowly until mid-2010, then increased obviously until the end of 2012. The increased correlation after the second half of 2010 may be due to the provision of direct quotes between CNY and MYR on the China Foreign Exchange Trade System (CFETS) in August 2010 to facilitate cross-border trade settlement of RMB, reduce conversion costs, and promote bilateral trade between China and Malaysia. This event marked the Malaysian Ringgit becoming the first emerging market currency traded in China's interbank market [43] . The direct quotes between CNY and MYR reduced the dependence on U.S. Dollars, deepening cooperation in trade and investment In the Post-B&R period, the time-varying Kendall's tau correlations were all positive for the six exchange rate pairs, as shown in Figure 3 . The dynamic correlation between CNY and SGD showed a slightly increasing trend after the B&R Initiative, whereas the dependence between CNY and PHP 
Dynamic Dependence between the Currencies of Major ASEAN Countries Conditional on CNY
The second tree of the time-varying C-vine copulas reflected the dynamic dependence characteristics between MYR and the currencies of the other five examined ASEAN countries given CNY. Table 6 shows the estimated time-varying coefficients in the second tree of the C-vine copulas.
The results in Table 6 show that in the Pre-B&R period, the coefficients 1 ϕ were significant and positive for all five exchange rate pairs in the second tree of the C-vine copulas, which implies that the current correlations of MYR and SGD, MYR and IDR, MYR and THB, MYR and PHP, and MYR and VND given CNY are all significantly affected by their correlations in the previous period. In the Post-B&R period, the coefficients 1 ϕ were significant and positive for only the MYR-SGD and MYR-THB pairs. The coefficients 2 ϕ were not significant for most of the exchange rate pairs in both periods. Similar to the findings from the static C-vine copulas, in the Pre-B&R period, the dynamic correlations of five exchange rate pairs-CNY and MYR, CNY and SGD, CNY and IDR, CNY and THB, and CNY and PHP-were almost positive, and fluctuated around their constant correlations as shown in Figure 2 . It is noticeable that the dependence between CNY and MYR showed an obvious variation trend. It decreased slowly until mid-2010, then increased obviously until the end of 2012. The increased correlation after the second half of 2010 may be due to the provision of direct quotes between CNY and MYR on the China Foreign Exchange Trade System (CFETS) in August 2010 to facilitate cross-border trade settlement of RMB, reduce conversion costs, and promote bilateral trade between China and Malaysia. This event marked the Malaysian Ringgit becoming the first emerging market currency traded in China's interbank market [43] . The direct quotes between CNY and MYR reduced the dependence on U.S. Dollars, deepening cooperation in trade and investment between China and Malaysia. Thus, the correlation between CNY and MYR showed an upward trend.
In the Post-B&R period, the time-varying Kendall's tau correlations were all positive for the six exchange rate pairs, as shown in Figure 3 . The dynamic correlation between CNY and SGD showed a slightly increasing trend after the B&R Initiative, whereas the dependence between CNY and PHP showed a slight downward trend. Moreover, the dynamic correlations of CNY and THB increased obviously and continuously from 2015, after a Renminbi-Thai Baht bilateral swap agreement (BSA) and a memorandum of understanding (MoU) to establish the Renminbi Clearing Arrangements in Thailand was signed by the People's Bank of China (PBC) and the Bank of Thailand (BOT) at the end of 2014. This currency swap agreement and the establishment of the Renminbi Clearing Arrangements helped Thailand facilitate access to the Chinese onshore foreign exchange market, reducing the costs and enhancing the efficiency of cross-border transactions between China and Thailand. Moreover, the agreements inevitably promoted trade and investment cooperation between China and Thailand. Therefore, the dependence between CNY and THB increased due to deepening cooperation and more convenient trade settlement.
The results in Table 6 show that in the Pre-B&R period, the coefficients ϕ 1 were significant and positive for all five exchange rate pairs in the second tree of the C-vine copulas, which implies that the current correlations of MYR and SGD, MYR and IDR, MYR and THB, MYR and PHP, and MYR and VND given CNY are all significantly affected by their correlations in the previous period. In the Post-B&R period, the coefficients ϕ 1 were significant and positive for only the MYR-SGD and MYR-THB pairs. The coefficients ϕ 2 were not significant for most of the exchange rate pairs in both periods. Note: Significance at the 0.01, 0.05, and 0.10 levels indicated by ***, **, and *; Standard errors in parentheses; ϕ 3 , ϕ 4 , and ϕ 5 only exist for the time-varying survival BB8 copula.
We further looked into the dynamic Kendall's tau correlations in the second tree of the C-vine copulas for both the Pre-B&R and Post-B&R periods; the summary statistics of the time-varying Kendall's tau correlations are shown in Table 7 . The results were consistent with the previous findings from the static C-vine copulas, which showed that MYR is highly correlated with the other examined ASEAN currencies given CNY, and the correlations between the ASEAN currencies conditional on CNY decreased in the Post-B&R period. The time-varying Kendall's tau correlations in the second tree of the C-vine copulas are plotted in Figure 4 (Pre-B&R period) and Figure 5 (Post-B&R period). The dynamic correlations between MYR and the other five currencies of ASEAN countries were all positive and fluctuated around the constant Kendall's tau correlations from the static C-vine copulas in both periods.
In the Pre-B&R period, the correlations of MYR and IDR given CNY showed a noteworthy decreasing trend from 2010 to 2013, as shown in Figure 4 . Similarly, the correlations between MYR and VND conditional on CNY also showed a downward trend after 2010. In addition, although the time-varying correlations of MYR and SGD, MYR and THB, and MYR and PHP all fluctuated in the Pre-B&R period, decreasing trends could also be observed from 2010 to 2011. This decreasing conditional dependence between ASEAN currencies may be due to the increasing influence of CNY on the ASEAN currency markets during this period. This can be explained in two ways. On one hand, the CAFTA established in 2010 contributed to the elimination of import and export tariffs between China and the ASEAN. This cooperation is regarded as an important start of RMB internationalization, and it enlarged the influence of RMB in ASEAN currency markets. On the other hand, bilateral trade growth has been accelerating between China and the ASEAN since 2010. According to the statistics of General Administration of Customs of China (GACC), the total trade volume between China and ASEAN increased by 37.5% in 2010. The closer trade relation between China and the ASEAN is another motivating factor causing the RMB to become more strongly correlated with ASEAN currencies.
In the Post-B&R period, as shown in Figure 5 , the time-varying Kendall's tau correlations of MYR and SGD given CNY showed a decreasing trend from 2014 to the start of 2015, and showed an increasing trend after that. The time-varying correlations of MYR and THB given CNY increased obviously after 2016, while the correlations of MYR and PHP also showed a slight upward trend after 2015. These findings indicate an increasing trend of correlations between the currencies of ASEAN countries during the Post-B&R period. ASEAN integration has accelerated since the establishment of the ASEAN Economic Community (AEC) in 2015, which promoted financial and economic integration in the region. The improving integration of ASEAN financial markets could be the reason for the increasing linkages between ASEAN currencies after 2015. The result is consistent with the conclusion by Caporale et al. [14] , who found that the ASEAN currencies are much more interlinked than previously thought. The upward trend of these correlations should encourage investors and policy-makers to be cautious about the systematic risks from exchange rate co-movements in the regional currency markets, especially when there is downward pressure on exchange rates. internationalization, and it enlarged the influence of RMB in ASEAN currency markets. On the other hand, bilateral trade growth has been accelerating between China and the ASEAN since 2010. According to the statistics of General Administration of Customs of China (GACC), the total trade volume between China and ASEAN increased by 37.5% in 2010. The closer trade relation between China and the ASEAN is another motivating factor causing the RMB to become more strongly correlated with ASEAN currencies. In the Post-B&R period, as shown in Figure 5 , the time-varying Kendall's tau correlations of MYR and SGD given CNY showed a decreasing trend from 2014 to the start of 2015, and showed an increasing trend after that. The time-varying correlations of MYR and THB given CNY increased obviously after 2016, while the correlations of MYR and PHP also showed a slight upward trend after 2015. These findings indicate an increasing trend of correlations between the currencies of ASEAN countries during the Post-B&R period. ASEAN integration has accelerated since the establishment of the ASEAN Economic Community (AEC) in 2015, which promoted financial and economic integration in the region. The improving integration of ASEAN financial markets could be the reason for the increasing linkages between ASEAN currencies after 2015. The result is consistent with the conclusion by Caporale et al. [14] , who found that the ASEAN currencies are much more interlinked than previously thought. The upward trend of these correlations should encourage investors and policy-makers to be cautious about the systematic risks from exchange rate co-movements in the regional currency markets, especially when there is downward pressure on exchange rates. In the Post-B&R period, as shown in Figure 5 , the time-varying Kendall's tau correlations of MYR and SGD given CNY showed a decreasing trend from 2014 to the start of 2015, and showed an increasing trend after that. The time-varying correlations of MYR and THB given CNY increased obviously after 2016, while the correlations of MYR and PHP also showed a slight upward trend after 2015. These findings indicate an increasing trend of correlations between the currencies of ASEAN countries during the Post-B&R period. ASEAN integration has accelerated since the establishment of the ASEAN Economic Community (AEC) in 2015, which promoted financial and economic integration in the region. The improving integration of ASEAN financial markets could be the reason for the increasing linkages between ASEAN currencies after 2015. The result is consistent with the conclusion by Caporale et al. [14] , who found that the ASEAN currencies are much more interlinked than previously thought. The upward trend of these correlations should encourage investors and policy-makers to be cautious about the systematic risks from exchange rate co-movements in the regional currency markets, especially when there is downward pressure on exchange rates. 
Brief Summary
The findings from the time-varying C-vine copulas confirmed the robustness of the conclusions from static analysis. The time-varying analysis also revealed positive correlations between the exchange rate of CNY and the currencies of ASEAN countries, as well as intensified correlations between CNY and ASEAN currencies after the B&R Initiative. Besides this, it also indicated positive correlations between the currencies of ASEAN countries and the increasing power of CNY in ASEAN foreign exchange markets after the B&R Initiative.
The plots of the time-varying Kendall's tau values further presented the changing characteristics of dependence between currencies before and after the B&R Initiative, which could not be reflected in the static analysis. Identifying the dynamic characteristics of dependence in regional currency markets is helpful for investors and policy-makers to make accurate predictions about exchange rate returns when a global shock or a country-specific shock on exchange rates occurs.
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Given the increasing opportunities for financial cooperation between China and the ASEAN, recognizing the interdependence among exchange rates is crucial for both parties in order to avoid potential systematic risks in the regional currency markets and to stabilize domestic financial 
Brief Summary
Conclusions
Given the increasing opportunities for financial cooperation between China and the ASEAN, recognizing the interdependence among exchange rates is crucial for both parties in order to avoid potential systematic risks in the regional currency markets and to stabilize domestic financial markets. In this paper, we investigated the interdependence between the currencies of China and major ASEAN countries using both static and time-varying C-vine copulas, and tried to identify the changing characteristics of dependence after the beginning of the Belt and Road Initiative.
Our findings first indicated positive but limited dependence between the exchange rate returns of CNY and the currencies of ASEAN countries in both periods. As the ASEAN is a highly integrated and cohesive economy, even though the trade and investment linkages between China and the ASEAN have become much stronger and RMB settlement has become more convenient in the regional markets, the correlation between the RMB and ASEAN currencies is still lower compared with the correlation between the ASEAN currencies themselves. Second, the power of the RMB's influence on ASEAN foreign exchange markets increased after the B&R Initiative was launched. The currency markets of China and ASEAN countries became increasingly integrated because of the continued growing economic and trade relations between China and the ASEAN, as well as the accelerating process of RMB internationalization. Moreover, the obvious change in the correlation between CNY and ASEAN currencies may also be due to the influence of the B&R Initiative, which contributed to deeper interaction into regional foreign exchange markets through its target of unimpeded trade and financial integration with participating countries. Third, the Malaysian Ringgit was most relevant to the other examined ASEAN currencies, so the MYR exchange rate could play an important role in the stability of regional foreign exchange markets. Moreover, Malaysia is the second-largest trade partner of China among the ASEAN countries, after Vietnam. Therefore, special attention should be paid for to the stability of Malaysia's financial markets in order to avoid the potential systematic risks caused by these strong correlations. Fourth, tail dependence existed in the returns of three currency pairs in the Post-B&R period: CNY and IDR, CNY and PHP, and MYR and VND. This implies the possibility of the co-movements between these exchange rates being higher during large depreciation of these currencies. Asymmetric dependence structures in financial markets are a non-negligible cause of possible financial and currency crises; thus, systematic risk in the foreign exchange markets of China and the ASEAN caused by asymmetric dependence is also a point of concern. Finally, the results from time-varying C-vine copulas confirmed the robustness of the results of the static C-vine copulas and showed significant dynamic dependence characteristics among the exchange rates in both periods.
Our conclusions confirm the related findings in previous studies, but give a clearer map of the integration of the foreign exchange markets between China and the ASEAN and provide evidence for the rise of the RMB in ASEAN currency markets after the B&R Initiative. These results may be useful references for policy-makers and investors to adopt proper policies, avoid systematic risks in regional currency markets, ensure the stability of the financial environment, and contribute to further cooperation between China and ASEAN countries under the B&R Initiative. However, this study also has its limitations. First, we empirically investigated the interdependence and its changing characteristics between the Chinese Yuan and ASEAN currencies, but we did not determine the main influencing factors of the interdependence through quantitative analysis. An extension of this empirical analysis to find the determinants of the dependence between the foreign exchange markets of China and ASEAN may be considered as a future research direction. Second, a comparison between the roles of the Chinese Yuan and the major anchor currency in the ASEAN (U.S. Dollars) could provide a clearer map of the process of RMB internationalization in regional financial markets; this may be another direction for our future study. 
